Introduction
Important advantages of using the rectus abdominis flap in head and neck reconstruction are (1) that it can be harvested by a separate team; (2) that it can be tailored to include skin, muscle, and fat; and (3) its vascular pedicle is long and its large caliber provides an appropriate size match with recipient neck vessels. 1 Defining an arterial and venous pedicle that provides balanced perfusion to all components of the flap is essential to success. 2 However, anomalous vascular anatomy is problematic in attempting to reestablish free flap perfusion. We present a case of double, right deep inferior epigastric arteries encountered during vertical rectus abdominis myocutaneous (VRAM) flap reconstruction of the tongue and floor of the mouth and discuss the clinical outcomes of this reconstruction.
Case report
A 56-year-old African-American man with a history of significant alcohol use and a 30 pack-year smoking history was referred with a 2-month history of pain with swallowing and chewing. On physical examination, there was a 2-cm, firm, ulcerated mass on the left lateral tongue (figure 1). Biopsy of this lesion revealed an invasive squamous cell cancer. The patient subsequently underwent a left radical neck dissection with mandibulotomy, left pharyngectomy, and total glossectomy.
After inspecting the defect, we chose a VRAM flap based on patient habitus and surgeon preference. A percutaneous gastrostomy tube was placed in the left upper quadrant of the abdomen immediately after ablation, leaving the right rectus available for transfer. Prior to harvest, a palpable femoral pulse was confirmed on physical exam. The patient had no prior abdominal surgery, and an abdominal exam was unremarkable.
During dissection of the VRAM flap, we observed that the deep inferior epigastric artery (DIEA) and vein were abnormally small in diameter (approximately 1.0 mm) and entered the rectus abdominis muscle close to its inferior insertion. Further dissection toward the pubic symphysis revealed a second, smaller pedicle along the medial border of the rectus abdominis muscle (figure 2). The larger lateral pedicle was traced proximally to the external iliac vessels. While the veins associated with each artery were also abnormally small, a predominant vein could be identified in each pedicle. The associated veins did not join into a single vein before entering the external iliac vein, and there did not appear to be any connection between the two pedicles.
To determine if the entire flap could be perfused with one pedicle, the smaller medial vascular pedicle was temporarily occluded with a vascular clamp (figure 2). Normal bleeding from the dermis of the skin component was noted during perfusion of the flap through the lateral pedicle. Furthermore, the muscular component appeared pink, well-perfused, and contracted with stimulation. Capillary refill over the skin component, however, was difficult to assess in this African-American patient. After we noted balanced perfusion for 30 minutes, the flap was harvested and inset. The skin component was used to reconstruct the mucosal defect, and the muscular component was sutured to the medial pterygoid muscles and the mandibular periosteum. This helped support the skin component and create a second suture line to prevent fistula formation. The lateral pedicle artery was anastomosed to the facial artery. The largest vein of each pedicle was isolated and anastomosed to the internal and external jugular venous systems using a mechanical venous coupler with 2.0-mm rings.
The flap was once again observed for balanced perfusion. Prior to closure, blood flow to the flap was confirmed by separate Doppler evaluations of the arterial and venous systems and the skin paddle. A normal arterial and venous signal was noted in the pedicle, and an arterial signal was heard over the skin paddle. Once again, capillary refill of the skin paddle was difficult to assess because the patient was African-American.
Intraoperatively, dermal bleeding was normal. The flap was observed for nearly 2 hours and appeared to perfuse normally.
The patient was discharged on postoperative day 7. During this time his recovery was unremarkable. The flap continued to have normal Doppler signals, both over the intraoral skin paddle and over the pedicle in the neck. On postoperative day 14, however, the patient was seen in the clinic for routine wound care, and the skin paddle was felt to be nonviable.
The patient underwent surgical exploration 17 days after free tissue transfer. During the reoperation, a small portion of the skin paddle was viable at the base of tongue. This was the most caudal portion of skin on the rectus flap, and it clearly bled when incised. The entire rectus muscle was pink and clearly viable. The skin paddle was removed, and enough muscle was resected to create a space for pedicled pectoralis flap reconstruction. The patient healed without further complication and has been disease-free for approximately 6 months. 
Discussion
Since its introduction in 1982 by Hartrampf et al, 3 the rectus abdominis myocutaneous (RAM) flap has become a mainstay in reconstructive surgery. 4 As anterior abdominal wall flaps have gained favor, the vascular anatomy of the DIEA has been studied in depth. In two of the largest series to date, Boyd et al 5 and Moon and Taylor 6 demonstrate in 129 cadavers that variations in vascular anatomy are limited to intramuscular secondary branching of the DIEA.
The DIEA normally originates at the medial aspect of the external iliac artery just above the inguinal ligament. It travels in a superomedial direction deep to the transversalis fascia with paired venae communicantes that originate from the external iliac vein. All vessels continue to travel superomedially toward the lateral border of the rectus abdominis muscle, arriving midway between the umbilicus and the inguinal ligament. The vessels then pierce the posterior aspect of the rectus sheath and travel superiorly between the rectus sheath and the posterior surface of the rectus abdominis muscle. It is past this point where normal variation in branching of the DIEA occurs.
While other DIEA anomalies have been described, they are limited to two classes: variations in DIEA origin 7 and variations in the course of the DIEA relative to the rectus abdominis muscle. 8, 9 In these vascular anomalies, normal pedicle size and length are preserved.
One case of double DIEA has been illustrated in the literature. 10 In this instance, a deep inferior epigastric perforator flap utilizing two main perforators arising from the medial DIEA was chosen for breast reconstruction. This observation coincides with the medial distribution of cutaneous perforators in the current case report. Pedicle length and diameter parameters, however, were not included in the report. Moreover, we found no reported VRAM flap cases that describe a double DIEA anomaly.
A review of our case led us to scrutinize a preoperative computed tomography angiogram (CTA) obtained in preparation for a possible fibula flap. Reformatted images of the abdominal vasculature clearly demonstrate a larger lateral and smaller medial pedicle under the rectus muscle of the right abdomen ( figure 3 ) and only one normal-sized pedicle on the left. Additionally, perforating vessels to the skin can be seen arising from the medial right pedicle (figure 4). Based on angiographic evidence and case reports of DIEA vascular anomalies, 8, 9 it is possible that this double DIEA anomaly represents divergent medial and lateral row vessels that enter the external iliac separately, have connecting vessels between them, or anastomose just prior to entry into the iliac vessels.
This report highlights three problems that may be encountered in double DIEA anatomy. The first is that anomalous DIEA anatomy can substantially reduce the length of the vascular pedicle. This in turn limits the conformations in which the rectus abdominis flap can be positioned and properly anastomosed within the neck. Upon noting this anomaly, careful measurements of vascular length to ensure a tension-free anastomosis are warranted. Second, both arterial and venous size mismatch should be expected. In our case, the maximum size of the arterial anastomosis was 1.5 mm, and the maximum size of the venous pedicle was 2.0 mm with dilation. A careful search for sufficiently large vessels prior to flap harvest will minimize size discrepancy and ischemia time.
The third problem is necrosis of the cutaneous and adipose layers and the viability of the muscle. It stands to reason that the medial DIEA constituted the main arterial supply to the cutaneous and adipose layers, while the lateral DIEA perfused the muscle. While anatomic studies have shown that a greater number of perforators exist on the medial side of the rectus abdominis muscle, 5 there is no description in the literature showing differential arterial supplies to muscular and cutaneous layers of the abdominal wall. In hindsight, anastomosis of both arterial pedicles and both venous pedicles might have salvaged the flap.
On the other hand, conversion of this flap into a perforator flap by microdissection of both vascular pedicles might have allowed us to selectively revascularize the subcutaneous and cutaneous portions of the flap. Alternatively, this surgical strategy might have revealed the nonviability of the cutaneous and subcutaneous portions, allowing for salvage of the muscular component for carotid coverage. Because the skin paddle was positioned on the superior aspect of the muscle, conversion to a perforator flap was probably not possible.
Lastly, in this VRAM flap, choke vessels connecting the vascular territory of the superior epigastric artery to the DIEA territory probably were not present. It is highly likely that in a double inferior epigastric artery scenario, superiorly placed skin paddles are not salvageable.
In summary, this case report defines an uncommon vascular anomaly that may potentiate flap failure when the deep inferior epigastric system is used. We have defined the anatomic difference seen in a vascular pedicle and have described failure of a VRAM flap with this vascular anomaly. Clinical suggestions that may aid in flap salvage have been presented.
